Purpose: Chronic Obstructive Pulmonary Disease (COPD) is considered as a risk factor for atherosclerosis and a leading cause of mortality due to cardiovascular disease (CVD). The study assessed the association of COPD with atherosclerotic risk factors and compared the predictor role of various cardiovascular (CV) risk score calculators in Indian subjects with COPD. Patients and methods: Forty subjects with stable COPD and forty age, gender and body mass index (BMI)-matched healthy controls were included in the case-control study conducted in a tertiary care hospital. Atherogenic indices were calculated by using the values of lipid parameters. CV risk calculators were utilized to assess the 10-year CV risk for the COPD group. Results: The study subjects had a mean age of 60.83±12.40 years in COPD group and 57.73 ±9.49 years in control group (p=0.213). Gender distribution was similar in both the groups. The mean High sensitivity C-reactive protein (hs-CRP) levels were 3.70±2.37 mg/L in COPD group and 2.39±2.23 mg/L in control group. The hs-CRP levels were significantly higher in COPD than in control subjects (p=0.012). Using bivariate correlations, we found significant positive correlations between hs-CRP and atherogenesis indices-atherogenic index of plasma, cardiogenic risk ratio, atherogenic coefficient in COPD patients [(r=0.4265, p<0.006); (r=0.7034, p<0.001) and (r=0.7034, p<0.001), respectively]. Framingham risk score-cardiovascular disease (FRS-CVD) has identified maximum number of COPD subjects (45%) to be in high CVD risk category. Conclusion: The study concluded that hs-CRP levels in COPD subjects were significantly higher than in control subjects. FRS-CVD was most useful for identifying high CV risk subjects in COPD subjects.
Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a complex, heterogeneous, preventable and treatable chronic respiratory disease, characterized by progressive, poorly reversible airflow limitation often with systemic manifestations. It is one of the leading causes of death and morbidity worldwide accounting for 3 million deaths. 1, 2 COPD often coexists with cardiovascular (CV) morbidity. The relationship between cardiovascular diseases (CVDs) and COPD has been reported in many studies. [3] [4] [5] The common systemic inflammatory pathway in the pathogenesis of both these diseases is one of the main reasons for the co-morbidity. 4, 5 Atherosclerosis is the main reason causing CVDs and the leading cause of global morbidity and mortality. Many studies have tried evaluating the early prediction of the presence of CV risk factors on atherosclerosis. 6, 7 For these prediction algorithms, several lipoprotein ratios or atherogenic indices (atherogenic index of plasma, cardiogenic risk ratio and atherogenic coefficient) have been defined and investigated in several conditions. [6] [7] [8] [9] The association between atherogenic indices in subjects with COPD has not been studied comprehensively.
Models to predict future CV risk are important in the management of CVDs. Many risk estimation systems are in existence. [10] [11] [12] The best known and probably the most widely used globally is the Framingham risk score-cardiovascular disease (FRS-CVD). Modified versions of the 10-year FRS-CVD calculator equation are also used for identifying high-risk populations and include Joint British Society-3 (JBS3), QRISK2, Reynolds risk score (RRS) calculators. Various factors like local applicability and modifiability of the risk prediction model play a role in their assessment of the CV risk. C-reactive protein (CRP) is a potential biomarker of systemic inflammation and is often increased in COPD patients. [13] [14] [15] [16] The present study aimed to evaluate hs-CRP levels, atherogenic indices, atherosclerosis risk factors and assess the 10-year CV risk in Indian subjects with COPD. The article is adapted in line with the STROBE guidelines for reporting observational studies. 17 
Materials and methods
The statement for Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) was followed in reporting observations for this study. 17 
Study design
This case-control study was conducted in a clinical setting at the Hamdard Institute of Medical Sciences & Research (HIMSR), Jamia Hamdard, New Delhi, India, from June 2015 to December 2017, after getting the approval from the Jamia Hamdard Institutional Ethics Committee (JHIEC), Delhi, India.
Study-related activities were started after obtaining a written informed consent from all the study participants. The principles enumerated in the Declaration of Helsinki and the WHO standards for observational studies were followed throughout the conduct of this study. 18, 19 Systematic representation of screening, enrollment, data collection and analysis of study participants is presented in Figure 1 .
Sample size
In a previous study conducted in similar Indian population, difference in Low-Density Lipoprotein Cholesterol (LDL-C) between Healthy Control and Mild Smoker (Delta) was noted as 12 units. Standard deviation (SD) in the control group was observed as 17.6 units. 20 Considering these inputs and 85% power, a sample size of 40 subjects in each group is sufficient to meet the study objects at two-sided 5% alpha level.
Inclusion and exclusion criteria
Subjects of both gender, age 40 years and above were included in the study. Stable cases of COPD without exacerbation constituted Group 1 whereas age, gender and Body Mass Index (BMI)-matched healthy subjects served as control (Group 2).
Subjects with primary diagnosis/history of another respiratory disease such as asthma, restrictive disorders like tuberculosis sequelae or interstitial fibrosis, obstructive sleep apnea-hypopnea syndrome, lung cancer, recent or ongoing infection or fever, chronic inflammatory disorders like rheumatoid arthritis, systemic lupus erythematosus and primary diagnosis of unstable angina, congestive heart failure (New York Heart Association functional class III or IV), active coronary artery disease or any other chronic disease, such as uncontrolled Diabetes Mellitus, kidney failure, liver disease were excluded from the study. Also, pregnant and lactating women and patients with altered mental status were excluded from the study.
Enrollment and data collection
The study included 40 patients of COPD, comprising the case group. First, COPD cases were recruited in the study. Their data with respect to age, gender and Body Mass Index (BMI) were used to select matched healthy subjects visiting the hospital. The control group consisted of 40 healthy volunteers visiting the hospital with patients as their attendants or caretakers during the period. All the study subjects belonged to diverse socio-economic background.
Rigorous evaluation of present and past health conditions of all study participants was carried out using i) vital sign; ii) their medical records in the hospital database; iii) medication history (subjects were asked to bring their daily medicines including those prescribed in the past 1 year and/or all prescription of doctors); and iv) detailed interview by a health care provider to exclude the subjects with CV events before enrolling any subjects in the study. Once enrolled in the study, spirometry and clinical assessment were performed. After spirometry assessment, the confirmed case/control subjects were considered for biochemical analyses. The demographic details were collected from all the selected subjects after biochemical analyses. Spirometry was conducted for all the subjects as per the method defined in GOLD guideline. In order to minimize variability, Spirometry was repeated after the administration of 400 mcg of salbutamol (a short-acting inhaled bronchodilator) in the COPD subjects.
Blood samples were collected from overnight fasting enrolled subjects once in the study. Biochemical analyses included fasting plasma glucose, high sensitive C-reactive protein (hs-CRP), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglycerides (TG) levels.
Pulmonary function test (PFT) and interpretation of data
Spirometry was performed in sitting position after recording age, gender, weight, height readings and as per criteria for standardization of spirometry defined by American Thoracic Society (ATS)/European Respiratory Society (ERS) task force and in GOLD 2016. 1, 21, 22 Pre-and post-bronchodilator test were performed on clinically confirmed cases of COPD in line with ATS/ERS task force and in GOLD 2016. 1, 21, 22 Salbutamol (400 mcg) was used as short-acting beta-agonist.
As per GOLD 2016, the presence of a post-bronchodilator FEV1/FVC <0.70 confirms the presence of persistent airflow limitation and thus of COPD. Further, to minimize the variability, COPD cases showing >12% change in FEV1 value after post-bronchodilator were excluded. 23 COPD subjects were categorized into groups A-D according to combined COPD risk assessment categories defined by GOLD. 1 Interpretation of PFT is based on comparison of data measured in an individual subject with reference Notes: a COPD subjects with other concomitant diseases such as hypertension, diabetes, tuberculosis, coronary artery disease (stroke and TIA), cardiovascular disease, liver disease, kidney failure, other respiratory conditions, infections and inflammatory conditions. b COPD subjects with post-bronchodilator FEV1 reversibility >12%. c Missing data. d Control subject with any concomitant diseases such as hypertension, diabetes, tuberculosis, coronary artery disease (stroke and TIA), cardiovascular disease, liver disease, kidney failure, other respiratory conditions, infections and inflammatory conditions. e Abnormal spirometry values vs predicted values for healthy subjects with the same anthropometric details. Abbreviation: COPD, chronic obstructive pulmonary disease.
(predicted) values based on healthy subjects with the same anthropometric (eg, sex, age and height). Age, gender, BMI-matched subjects without any disease and ≥100% predicted FEV1 value were included in control group.
Atherogenic indices
Atherogenic indices were calculated by using the value of lipid profile parameters according to the following formulae: Atherogenic Index for Plasma (AIP) = log (triglyceride/ high-density lipoprotein cholesterol), with the concentrations in mmol/L; Cardiogenic Risk Ratio (CRR) = total cholesterol/high-density lipoprotein cholesterol; and Atherogenic Coefficient (AC) = (total cholesterol-highdensity lipoprotein cholesterol)/high-density lipoprotein cholesterol. 7, 8, 24 Cardiovascular risk estimation CV risk prediction models of Joint British Society calculator-3 (JBS3), QRISK2, Reynolds risk score (RRS) and FRS-CVD were utilized to assess the 10-year CV risk for the COPD group. Age, gender, systolic blood pressure, total & HDL cholesterol, smoking status and treatment for hypertension were considered in FRS-CVD calculation. In QRISK2, the presence of chronic kidney disease, atrial fibrillation, rheumatoid arthritis, family history of CVD, ethnicity along with body mass index were also considered along with the classical risk factors. JBS3 used the same risk factors for risk score calculation as QRISK2. RRS included parental history of premature coronary heart disease and hs-CRP. 10, 11, 25, 26 
Statistical analysis
Statistical analysis for the study was performed with SPSS version 20. Categorical variables were specified as n (%). All continuous variables were specified as mean ± SD when normally distributed or median [interquartile range (IQR)] when not normally distributed. Proportions in the different groups were compared by using the chi-square test. Comparisons between the groups were done using Student's unpaired t-test or Mann-Whitney U test wherever appropriate. The Spearman's correlation test was used to analyze the correlation coefficients and their significance. A linear regression model was used to determine independent predictors of all atherogenic indices. p-values <0.05 were set to show a statistically significant result.
Results
A total of 1283 physician-diagnosed COPD subjects and age, gender-matched 350 healthy subjects were screened between the study periods. A large number (N=977) of follow-up cases of COPD subjects who were admitted in the hospital were excluded due to the presence of comorbid conditions. Subjects meeting the initial screening criteria were further evaluated as shown in Figure 1 . The distribution of comorbidities is shown in Figure 2 . Three hundred fifty-three subjects (27.5%) had at least two comorbidities and five hundred sixty-six subjects (44%) were cases of tuberculosis, septicemia and cancer. Other non-chronic and less-serious conditions such as fever, pain and common infections were grouped together in Figure 2 . The demographic characteristics, pulmonary function parameters of subjects in both groups (COPD, n=40; healthy controls, n=40) and COPD stages of the cases are outlined in Table 1 . Age was statistically similar in both groups with mean ages of 60.83±12.40 years and 57.73±9.49 years, respectively, for the COPD and the control group. Gender distribution was similar in both Lipid profile and atherogenic indices of the two groups are outlined in Table 2 . Distribution of hs-CRP and triglycerides of COPD and control subjects is presented in Table 3 . hs-CRP levels were significantly higher in COPD than in control subjects (p=0.012). Serum highdensity lipoprotein cholesterol level was significantly lower in subjects with COPD (p<0.001). Serum low-density lipoprotein cholesterol level was significantly higher in subjects with COPD than in control subjects (p=0.019). Atherogenic indices-cardiogenic risk ratio (CRR) and atherogenic coefficient (AC) were significantly higher in subjects with COPD than in control subjects (p=0.003) for both the parameters.
Bivariate correlations with C-reactive protein in COPD and control subjects are presented in Table 4 . Significant positive correlations between atherogenesis indices-atherogenic indices in plasma (AIP), cardiogenic risk ratio (CRR), atherogenic coefficient (AC) and hs-CRP is seen in COPD patients [(r=0.4265, p=0.006); (r=0.7034, p<0.001) and (r=0.7034, p<0.001), respectively]. Similar positive correlation was also seen in the control subjects [(r=0.4807, p=0.001); (r=0.3557, p=0.024) and (r=0.3557, p=0.024), respectively].
Bivariate correlations with C-reactive protein in low-and high-risk COPD subjects are presented in Table 5 . Significant negative correlations between FVC and hs-CRP are seen in low-risk COPD subjects (r=−0.6014, p=0.042). Significant positive correlations between atherogenesis indicescardiogenic risk ratio (CRR), atherogenic coefficient (AC) and hs-CRP are seen in low-risk COPD subjects (r=0.8462, p<0.001) for both the parameters. However, no correlation was observed in the high-risk COPD subjects.
The 10-year risk scores of the COPD subjects were calculated and presented in Table 6 ; FRS-CVD calculator could identify maximum number of subjects with high CVD risk (risk score ≥20%) followed by JBS3 and QRISK 2 calculators. RRS calculator has stratified more than 50% of the subjects to have a 10-year CVD risk to be less than 10%.
The dichotomized risk score (high ie, ≥20% or low <20%) are presented in Table 7 . The pattern differed slightly on dichotomization of risk scores. RRS calculator again could identify only 10% of COPD subjects to be in high risk for CVD events. FRS-CVD calculator calculated that 45% of the subjects to be in high-risk category. JBS3 was second to FRS-CVD and QRISK2 performed intermediately by categorizing 35% and 30% of the COPD subjects to be in high-risk category, respectively.
Discussion
Comorbidities impact a large proportion of patients with COPD, with over 80% of patients with COPD estimated to have at least one comorbid chronic condition. 27 In this study, out of 1283 COPD subjects visiting the hospital between study duration, 353 subjects (27.5%) had two comorbidities and 566 subjects (44%) had one comorbidity. The distribution of comorbid and concomitant conditions is shown in Figure 2 . We also found a similar prevalence of comorbidities in COPD subjects as reported in the previous publication where comorbidities like CVDs contribute to 29-70% and diabetes 10-23%. 27 IHD (20-60%), heart failure (10-30%) and cardiac arrhythmias (10-15%) are among the most commonly observed CVDs reported in people with COPD. 28 During the study period, we found 18 cases of ischemic heart disease and 15 cases of heart failure leading to hospitalization.
We found a higher serum C-reactive protein level in subjects with COPD than in control subjects. The serum level of low-density lipoprotein cholesterol, atherogenic indices like cardiogenic risk ratio and atherogenic coefficient were significantly higher and serum high-density lipoprotein levels were significantly lower in subjects with COPD than in control subjects. These findings were in line with the results of the previous studies. [6] [7] [8] 29 The results from the present study also show that atherogenic lipid profiles and atherogenic indices (cardiogenic risk ratio and atherogenic coefficient) were increased significantly in subjects with COPD than in control subjects. Using bivariate correlations, significant positive correlations between atherogenic indices, AIP, CRR and AC were found with hs-CRP in both COPD and control subjects. We additionally found that the correlation of hs-CRP with atherogenic indices was significantly positive for cardiogenic risk ratio and atherogenic coefficient in low-risk COPD subjects only. No correlation was seen in the high-risk COPD subjects. A significant negative correlation was also seen with FVC and hs-CRP in low-risk COPD cases. COPD is a known major leading cause of morbidity and mortality worldwide and exists frequently with other diseases impacting the prognosis. CVDs including heart failure, systemic hypertension, atrial fibrillation and ischemic and atherosclerotic heart disease are a known major comorbidity in patients with COPD. 1 The patients with COPD might have a higher risk for CVD, and patients with CVD might have a higher risk for COPD. The association between airway obstruction in COPD and CVD found in our study is in line with the other studies. [3] [4] [5] 30 Traditionally, dyslipidemia is considered to be one of the most important risk factors for the development of atherogenesis and to assess the CV risk. Increased LDL cholesterol levels and decreased HDL cholesterol levels are indicative of an atherogenic lipid pattern. 31 C-reactive protein is an inflammatory marker and indicator of disease activity in COPD and is also related to higher CVD risk and atherogenesis. 3, 32 Chronic systemic inflammatory response with increased levels of C-reactive protein has been investigated in some studies explaining the development of concomitant chronic diseases in the same subject. 4, [33] [34] [35] The prevalence of ischemic heart diseases (including myocardial infarction, coronary stenosis and angina pectoris) in subjects with COPD was reported to be between 4.7% and 60%. 3 Lipid ratios called the atherogenic indices were assessed to identify patients with chronic diseases (COPD included) at high risk of developing CVD. [6] [7] [8] [9] Previous studies have established that LDL-C concentration might be a moderator of the contribution of hs-CRP to vascular events. [36] [37] [38] Systemic inflammation has a role in endothelial dysfunction and is associated with the risk of CVDs and mortality. 39 Inflammation participates critically in atherosclerosis. Circulating levels of several inflammatory markers rise in individuals at risk for atherosclerotic events. In particular, elevation of plasma CRP, a nonspecific acutephase reactant that is easily and reliably measured, has strong predictive power for CV events such as incident myocardial infarction, stroke, peripheral arterial disease and sudden cardiac death. 40 In our study, hs-CRP levels were significantly increased in COPD cases than in control subjects. Several studies have demonstrated that the concentration of CRP is increased in COPD patients as compared to control subjects. 5, 13, 15, 16, 41, 42 However, CRP is an acute phase protein and is elevated during many conditions. Considering the same, other inflammatory conditions such as COPD cases with exacerbation, patients with recent or ongoing infections, patients with tuberculosis, liver disease, rheumatoid arthritis or systemic lupus erythematosus were excluded. Smoking status and the habit duration in pack-years were found to be significantly more in the COPD subjects than the control subjects.
Smoking in pack-years is a significant predictor of CRP levels. 43 Several studies have shown that current smokers have higher CRP levels than non-smokers and that there is a positive association with the number of pack-years smoked. 44, 45 CRP and FVC (% of predicted) values were negatively correlated in our study, and FVC (% of predicted) was associated with abnormal CRP levels in a multivariate analysis. The negative associations between CRP and FVC have been previously demonstrated in several studies. 39, 46, 47 For the prevention of CVDs, it is essential to find out 10-year CV risk that can help in identifying high CVD risk individuals, albeit without underestimating or overestimating the risk. In the present study, the FRS-CVD risk calculator was found to perform the best followed by JBS3 and QRISK2. FRS-CVD calculator was able to categorize maximum number of subjects into high-risk category for CV events. QRISK2, JBS3 have performed intermediately. RRS calculator performed poorly by identifying least number of COPD subjects to be in high-risk category. Overall, RRS calculator underestimated the CV risk as compared to JBS3, QRISK2 and FRS-CVD. The present study also supports the findings of other studies in the Indian population where FRS-CVD and JBS3 calculators have performed the best. [48] [49] [50] 
Limitation
This study relies on history of CVD recorded as a part of medical history. No further examination was done to assess any CVD risk. Although the CV risk in COPD patients was assessed using various CV risk score calculators, the comparison of various CV risk score was not the primary objective of the study. The present study provided an indicator that can be confirmed in further studies comprising heterogeneous Indian population.
Conclusion
The study concluded that hs-CRP levels in COPD subjects were significantly higher than in control subjects. There was a positive correlation between atherogenic indices including atherogenic index of plasma, cardiogenic risk ratio and atherogenic coefficient with hs-CRP, suggesting that atherogenic indices can be used as early predictors of CV risk in subjects with COPD. FRS-CVD calculator was most useful for identifying high CV risk subjects in COPD subjects. Hence, we believe that hs-CRP and FRS-CVD can be used for assessing the CV risk and the atherogenic indices can be used as a preliminary indication of accelerated atherosclerosis in COPD subjects. These results, if confirmed in large prospective follow-up studies using cases as "COPD patients with atherosclerosis" and control as "COPD patients without atherosclerosis", can effectively comment on the impact of COPD on CV risk of the patients.
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